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(57) L 'invention est une puce de multiplexage temporel 
ay ant une application particuliere dans un systeme de 
traitement numenque des signaux vocaux dans lequel les 
fonctions de traitement sont executes par un logiciel. 
Cette puce contient une pake de RAM en 
communication avec un bus et au moins une interface de 



(57) A time division multiplexer (TDM) chip having 
particular application in a digital voice processing 
system wherein voice processing functions are run in 
software. The TDM chip has a pair of RAMs which are 
in communication with a bus and at least one interface 
that provides communication with other devices. An 
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communication avec d'autres dispositifs. Un 
commutateur commande les RAM de fa9on a faire 
alteraer leurs communications avec le bus et avec 
1' interface : pendant que Tune des RAM est en 
communication avec Tinterface, Tautre est en 
communication avec le bus. Apres une cextaine p&iode 
ddterminee, les communications sont inverses. Ceci 
permet d'accelerer le traitement et d'obtenir une 
utilisation plus efficace des elements. La puce de 
Finvention est dotde d'un dispositif qui permet & 
plusieurs interfaces de communiquer avec les RAM de 
facon alternative en temps partage. 



bank switch controls the RAMs so that their 
communication with the bus and the interface alternates, 
i.e. while the first RAM is in communication with the 
interface the other RAM is in communication with the 
bus. After a determined period the communications are 
reversed. This scheme provides faster processing and 
more efficient use of the components. Including is a 
provision for allowing multiple interfaces to 
communicate with the RAM alternatively in a time 
shared manner. 
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p^rannMD OF THE IH 

Digital voice processing systems are known that are xn 
COBffl unication with telephone systems and perform functions 
such as voice signal compression, storage and f^ 1 "™ 1 ' 
automatic gain control, voice activated operation, telephone 
Actions and the like. These functions are P~£— * 
such systems in hardware which is costly and flexible In 
action, expansion of a prior art voice processing system 
Z dif AoZ because of the need of additional hardware 
not only because of the expense associated therewith, but 
also because of the geography factor, i.e., a larger 
footprint was required. 

With the ever increasing change in technology, 
particularly software, it would be advantageous to liable 
to provide a software based digitized voice processing 
'system that can be quickly, conveniently and inexpensive V 
expanded. In addition, it would be advantageous to provide 
a digital voice processing system that is capable of 
handling a large amount of data and to which one can- add 
capacity as required. 

one drawback in providing such a voice processing 
astern was the unavailability of a processing chip 
Lid multiplex data to and from a time division multiplexer 
bus and to and from a plurality of processors and which has 
a small size. 

A general purpose time division multiplexer (TDM) chip 
has been conceived and developed that has P~*f*»"^ 
a modular digital system wherein voice process^ functions 
are run in software. This TDM chip can be used in a modular 
structure wherein units can be readily added or 
Such a modular structure can be a voice processing system 
wherein application software resides in circuit boards that 
are coupled to a host computer so that the software can be 
changed as applications require and the number of circuit 
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boards can be increased readily for greater capacity. The 
host computer is in communication with a one or more voice 
processing circuit boards that perform digital voice 
processing, telephone signal processing and application 
processing. The voice processing circuit boards are in 
communication with one or more audio circuit boards through 
a time division multiplexer (TDM) bus. Each audio circuit 
board includes an analogue unit that receives analogue 
signals from direct connect and loop start telephones, 
PBX's, PWN's and the like, converts the analogue signals to 
digital, and sends the digital data to a signal processing 
chip that is used as a high speed multiplexer. The signal 
processing chip then sends the signals through a TDM chip, 
which is the subject of the instant invention, onto the TDM 
bus and they are subsequently received by the voice 
processing circuit board. In the voice processing circuit 
board, signal compression, automatic gain control, voice 
f activate operation, and application processing takes place. 
Subsequent to the application processing taking place, data 
is transmitted from the voice processing circuit board to 
the host computer for further processing and storage. 

The TDM chips in the. voice processing circuit boards 
and the audio circuit boards are identical except that the 
TDM chips of the audio circuit boards have fewer elements 
connected because of the lesser number of components in each 
audio circuit board. The heart of the TDM chip is a pair of 
rams which operate in ping pong fashion and the elements 
that bring about such operation. This allows processors in 
each circuit board to write and read from one RAM while 
exchange of data with the TDM bus is taking place with the 
other RAM. After a selected period, the communications of 
the RAMs in both circuit boards are reversed with regard the 
RAMs' communicating with the bus and respective processors. 
Each TDM chip includes at least one interface unit that 
provides communication between the RAMs and the processor(s) 
seeking access to the RAMs. 
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Other aspects of this invention are as follows : 

A time division multiplex chip, comprising: 
5 at least one first interface, 

a pair of RAMs in alternate communication with said 
at least one first interface, wherein said at least one first 
interface is a plurality of interfaces and further comprising 
an interrupt omit in communication with said plurality of 
10 first interfaces for controlling which of said first 

interfaces is to be in communication with one of said RAMS, 

a second interface in alternate communication with 

said pair of RAMs, 

an address generator in alternate communication with 

15 said pair of RAMs, 

a bank switch unit in communication with said pair 
of RAMs for switching communication of each RAM of said pair 
of RAMs alternately with said at least one first interface, 
said address generator and said second interface, 

20 a clock in communication with said bank switch unit 

for providing a frame synch clock signal to said bank switch 
unit whereby upon each frame boundary said pair of RAMs will 
be switched; a failure detector in communication with said 
second interface to determine if data sent from said second 

25 interface is data received from one of said RAMs; and a clock 
failure detector with said clock for determining if said clock 

has a failure. 

A time division multiplex chip for use in a voice 
processing system comprising: 
30 a pair of first interfaces, 

a pair of RAMs in alternate individual, selective 
communication with said pair of first interfaces, 

an arbitration unit in communication with said pair 
of first interfaces to control which of said interfaces is to 
35 communicate with RAMs, 

a second interface in alternate individual selective 
communication with said pair of RAMs, 
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a bank switching unit in communication with said 
pair of RAMs for switching communication of each of said 
RAMs between said pair of first interfaces and second 
interface, and 

a clock in communication with said arbitration unit 
and with said bank switching unit for providing a frame synch 
clock signal to said bank switching unit whereby upon each 
frame boundary said pair of RAMs switch communication between 
said first pair of interface and said second interface and a 
second pair of first interfaces each of which is in individual 
selective communication with said pair of RAMs, a second 
arbitration unit in communication with said clock and with 
said second pair of first interfaces for controlling which of 
said second pair of first interfaces is to be in communication 
with one or the other of said RAMs. 

A method of processing voice data, the steps 
comprising: 

a. transmitting first voice data to a first 

interface, 

b. connecting the first interface with a first RAM, 

c. transferring said first voice data from said 
first interface to said first RAM, includes transferring said 
first voice data from a time division multiplexer bus to said 
first interface, 

d. transmitting second voice data to a second 

interface, 

e. connecting said second interface to a second RAM, 

f. . transferring said second voice data from said 
second interface to said second RAM includes transferring 
second voice data from a signal processor to said second 
interface, 

g. discontinuing connection between said first 
interface and said first RAM, 

h. discontinuing connection between said second 
interface and said second RAM, 
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i. connecting said first interface to said second 

RAM, . j , 

j . transferring second voice data from said second 

RAM to said first interface, 

Jc. outputting second voice data from said first 

interface , 

1. transmitting third voice data to said first 

10 interface, 

m. connecting said second interface with said first 

RAM, 

n. transferring first voice data from said first RAM 

to said second interface, 
15 o. outputting first voice data from said second 

interface, and 

p. transmitting fourth voice data to said second 
interface, wherein a failure detector in communication with 
said second interface to determine if data sent from said 
20 second interface is data received from one of said RAMs. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG 1 is a block diagram of a system in which the 
25 time division multiplexer chip of the instant invention can be 
practiced; 

FIG 2 is a plan view of the system shown in FIG 1; 
FIG 3 is a block diagram of one embodiment of the 
TDM chip of the instant invention; 
30 FIG 4 is a timing diagram for the system shown in 

FIG 1; 

FIG 5 shows a plurality of locations in the RAMs of 

FIGs 3 and 4 with data therein; 

FIGs 6A-6F collectively show a flow chart describing 
35 the operation of the TDM chips shown in FIG 1; 
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FIGs 7A - 7F illustrate a single location in all 
four RAMs of the TDM chips shown in FIG 1 and correspond to 

5 FIG 6A - 6F; and 

FIG 8A - 8C is a representation of data in the RAM 

locations corresponding to FIGs 6B - 6F. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



With reference to FIG 1, a block diagram is shown 
generally at 10 of a digital voice processing system in which 
the TDM chip of the instant invention has utility. It will be 
appreciated that this is for illustrative purposes only as the 
15 TDM chip of the instant invention is a general purpose, 

multiple processor capable of communicating with a TDM bus. 
The system 10 has a host computer 12, a plurality of voice 
processing circuit boards 14, only one being shown in FIG 1, 
and a bus 16 that connects the voice processing circuit board 
20 to a plurality of audio circuit boards 18a, 18b ... 18n. For 
purposes of convenience the circuit boards 14 and 18 will be 
referred to as "cards". Each audio card 18a, 18b ... lBn has 
four ports 20 through which communication can be had with a 
plurality of devices such as direct connect and loop start 
25 telephones 22a, 22b ... 22n, through telephone lines 23 
through which functions such as telephone communication, 
dictation, answering machines and the like can be performed. 

The host computer 12, which can be any of a number 
of commercially available computers such as an IEEE 996 
3 0 Standard PC/AT, includes a processor 24 that is in 

communication with a disk storage 26 and a memory 28. The 
host processor 24 is also in communication with a bus 
interface 30. The disk storage 26 acts as a storage medium 
for prompts, operating data, base directory information and 
35 other data. Prompts are recorded messages, instructions and 
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menus that are for the purpose of assisting a caller in the 
use of the voice processing system 10. The disk storage also 
provides data storage capacity when the capacity of other 
memories in the system are exceeded. The memory 28 is a 
volatile memory which recovers the operating code for the 
system 10 from the disk storage 26 on start up. The memory 28 
also stores diagnostic information and serves as a buffer. 
The bus interface 30 provides communication between the host 
processor 24 and the voice processing card 14 through a bus 
32. The voice processing card 14 is shown and described in 
greater detail in concurrently filed Canadian patent 
application Serial No. 2,086,385 filed December 29, 1995 and 
entitled Digital Signal Processor Circuit Board Having Use For 
Voice Processing System. 

The voice processing card 14 has essentially two 
independent circuits therein which will be described 
simultaneously. Each circuit has a host computer interface 
(PCI) chip 40a, 40b to which a RAM 42a, 42b, respectively, is 
connected for temporary storage of data and storage of the 
operating code for the voice processing card 14. Details of 
this PCI chip 40a, 40b, are given in concurrently filed > 
Canadian patent application Serial No. 2,086,386 filed 
25 December 29, 1995 and entitled Interface Chip for a Voice 
Processing System. Each PCI interface 40a, 40b is in 
communication with an application processor 38a, 38b, 
respectively, such as an Intel 80C186. The application 
processors 38a, 38b run the application programming and 
3 0 database management. Each application processor 38a, 38b is 

in communication with and controls a pair of signal processors 
36a and 36b and 36c and 36d, respectively, each of which 
contains an algorithm for voice compression and expansion, 
depending upon direction of the data stream, tone detection 
35 and voice activated operation. The signal processors may be 
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IMS 320C25 processors from Texas Instruments. All the signal 
processors 36a - 36d are in communication with a TDM chip 44 
5 which is the subject of the instant invention. 

Each audio card 18a, 18b... 18n is in communication 
with the bus 16 and includes another time division multiplexer 
(TDM) chip 46 which is the same as to the TDM chip 44 of the 
voice processing card 14 except that is has fewer components 
10 connected as will be explained hereafter. The TDM chip 46 is 
in communication with the bus 16 and with a high speed audio 
processor 48 such as a TMS 32OC10 available from Texas 
Instruments, the latter being in communication with an 
analogue interface 50 which interfaces through the ports 20 
15 with a plurality of telephones 22a, 22b... 22n. The audio 
cards 18a - 18n of this embodiment each has four ports 20. 
The analogue interface 50 can also communicate through their 
ports 20 with private branch exchanges (PBX) , private wire 
networks (PWN) and the like. The audio card 18 is shown and 
20 described in concurrently filed Canadian patent application 
Ser. No. 2,086,387 filed December 29, 1995 and entitled Audio 
Circuit Board For a Modular Digital Voice Processing System. 

With reference to FIG 2, the layout of the digital 
voice processing system 10 is shown in plan view. The system 
25 10 includes a housing 52 having a base 54 to which the voice 
processing cards 14 and audio cards 18 are physically attached 
in pairs without necessarily being logically connected so that 
the cards 14, 18 can be logically intermixed with one another. 
More specifically and by way of example, the voice processing 
30 card 14b can be physically connected to the audio card 18b but 
logically connected to the audio card 18a. The voice 
processing cards 14a, 14b... 14h provide physical support and 
electrical connections to the audio cards 18a, 18b. . . 18h. As 
shown in FIG 2, the system 10 is made up of eight pairs of 
35 voice cards 14 and audio cards 18, but fewer or more such 

cards can be included depending upon need. Some of the voice 
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processing cards 14 could be replaced with dummy cards 57 
that only provide the physical support and electrical 
connections to the audio cards 18 without logic. Also 
included is an optional a 16 port audio card 56 that 
provides expanded capacity, a clock buffer 68, a local area 
network (IAN) card 60 that can provide local area 
networking, the host computer 12, the disk storage 26 and a 
disk storage drive 62. The voice processing cards 14 have 
the capacity to serve more than one of the audio cards 18 
and also serve 16 port audio cards 56 that may be added as 
required to the system 10. The 16 port audio card is 
supported by a dummy card 57. A bus 41 provides connection 
between the host computer 12 and the audio cards 18, 56 for 
the purpose of directing the locations in memory that are to 
be accessed as will be described hereinafter. 

With reference to FIG 3, the TDM chip 44 of the voice 
processing card 14 is shown in detail. Physically, the TDM 
chip 44 is only 3/4- x 3/4" in size. As stated previously, 
' the TDM chip 46 of the audio card 18 is the same but has 
fewer components connected. The TDM chip 44 includes four 
interfaces 80a-80d, each of which is in communication 
individually with a signal processor 36a-36d (FIG 1) , 
respectively. A pair of arbitration units 80a and 80b, are 
in communication with the interfaces 80a-80d, for 
controlling access of the interfaces to a RAM in an 
arbitration mode as will be described hereafter. Each 
arbitration unit B2a, 82b is in communication with a pair of 
interfaces 80a, 80b and 80c, 80d, respectively. 

The interfaces 80a-80d also are in communication with a 
pair of SRAMs 84a and 84b through address buffers 81a - Bid 
control buffers 83a - 83d, and data buffers 87a - 87d. All 
of the buffers 8la-81d, 83a-83d and 87a-87d are in 
communication with a bank switch unit 86. The bank switch 
unit 86 receives a frame synch which will be described 
hereinafter. A time slot address generator 88, which serves 
the counting function, receives a clock signal and is in 
communication with an interrupt 96 and with the signal 
processors 36a - 36d. A bus interface 92 is in 
communication with the bus 16 (FIG 1) and with the data 
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buffers 87c and 87d for the transfer of data between the 
SRAMs, 84a, 84b and the bus 16. A clock fail detector 93 is 
provided to determine if there is a clock failure. A fail 
detector unit 94 is in communication with the interface 92 
5 and the bus 16. This fail detector unit 94 is a latch that 

latches in the data that is being written onto the bus 16 by 
the interface 92 and compares this latched data to the data 
that is written on the bus. If the comparison shows the 
latched data is not the same as the written data, a bus fail 

10 will be output by the unit 94 which will be received by the 
host computer 12. 

The interrupt 96 is in communication with the signal 
processors 36a - 36d (FIG 1) and with the time slot address 
generator 88. The interrupt unit 96 generates four 

15 interrupts each frame. A control logic unit 89 is. in 

communication with the control buffers 83c and 83d and the 
clock fail unit 93 and receives a clock signal. The TDM 
. chip 46 of the audio cards 18a-18n is the same as the TDM 
chip 44 just described except that only one interface 80a is 

20 required as there is only one audio processor 48 with which 

it communicates. No arbitration unit is required because of 
the single interface 80a. Otherwise, all the other 
components are the same. 

With continued reference to FIG 3, the TDM chip 44 

25 includes a pair of RAMs 84a, 84b, preferably SRAMs, which 

are in connection with the address buffers 81a - 81d, the 
control buffers 83a - 83d and the data buffers 87a - 87d. 
Each of the SRAMs 84a, 84b has 256 locations 91a, 91b which 
are 12 bits in width. The TDM bus 16 has 256 time slots and 

30 12 bits of information so that a correlation exists between 

the SRAMs 84a, 84b and the bus. More specifically, all 256 
locations in the SRAMs 84a, 84b will be accessed during one 
frame. 

With reference to FIG 4, a description of the timing of 
35 the TDM chip will be given. A frame synchronization will 

repeat at an 8kHz rate for every 125 microseconds, each RAM 
array, i.e. 256 locations 91, has to be addressed within the 
125 micro seconds. Each location 91 represents a time slot, 
time slot zero being location zero on all the SRAMs, 84a, 
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84b of both the voice application card 14 and the audio 
cards 18. Time slot one is location one and there is a 
direct correlation from the SRAM location 91 to the time 
slot. When a processor 36, 48 is accessing an SRAM 84, it 
will have access to two locations at a time, i.e., locations 
0 and 1. The two RAMs 84a, 84b are riding in a ping pong 
fashion on the frame boundary under control of the bank 
switch unit 86, a frame being 125 microseconds, as stated, 
and the boundary being the beginning of a frame. While one 
RAM 84a is accessing the TDM bus 16, the other SRAM 84b is 
being accessed by signal processors 36 attached to the 
interfaces 80 at any given time. At the end of a frame, the 
communications of the RAMs 84a, 84b are switched so that 
SRAM 84b now has access to the TDM bus and the SRAM 84a is 
now being accessed by the processors 36 connected to the 
interfaces 80a-80d. This is accomplished by the bank switch 
unit 86 through the address buffers 81a - 81d, control 
buffers 83a - 83d, and data buffers 87a - 87d. The bank 
switch has two buffer control outputs #1 and #2. that are 
transmitted on buffer lines as indicated by FIG 3 . When the 
#1 buffer line enables address buffers 81b, 81c control 
buffers 83b, 83 c, and data buffers 87b, 87c, the SRAM 84b 
would be in communication with the bus 16. At the same 
time, the bank switch 86 sends a signal over #2 buffer line 
to address buffers 81a, 81d, control buffers 83a, 83d and 
data buffers 87a, 87d and SRAM 84a would be in communication 
with the interfaces BOa - 80b. When a frame changes, the 
bank switch unit 86 will output a #2 signal to address 
buffers 81b, 81c, control buffers 83b, 83c, and data buffers 
87b, 87c and a #1 signal to the other buffers 81b, 81d; 83b, 
83d and 87b, 87d, so that SRAM 84b would now attach to the 
bus 16 and SRAM 84 a would be attached to the interfaces 80a 
- 80d. 

With reference to PIG 4, the synchronization of the 
above procedure is performed by the clock buffer 58, see FIG 
2, which outputs a frame synch at a rate of- 8 kH z . The clock 
buffer 58 generates two 4kH 2 clocks. One clock is a 
quadrature of the other; namely, it is 90 degrees out of 
phase which produces four megahertz, 4 quadratures. This 
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provides switching edges that are equivalent to 8 megahertz. 

The clock buffer 58 is centrally located within the chassis 

52 so there is only the one clock source for all cards in 

the system. The clock buffer 90 is redundant, i.e. there 

are two separate clock circuits in clock buffer 58, so that 

if the primary clock is lost, there will be a backup, but 

there is only one clock source in the system. A frame synch 

of 8kH was selected because a voice system utility uses 
z 

this frequency. For other applications, different 
frequencies and periods can be selected. 

Frame synchronization comes from the clock buffer 58 
and synchronizes all TDM chips 44 in the system 10 to the 
clock signals. Frame synchronization will repeat at an 8 
kHz rate every 125 micro seconds; therefore, the logic in 
the TDM bus 16 logic has to address an entire SRAM 84 array 
of both cards 16, 18 simultaneously within 125 micro 
seconds. At the end of 125 micro seconds, a frame synch 
will act upon the bank switch 86 to switch the communication 
of the RAMs 84a - 84b. In addition, the processors 36a 
36d, have only 62% micro seconds if in the arbitration mode 
and 21h seconds if in the interrupt mode in which to access 
an SRAM 84 to which it is attached through the interfaces 
80a-80d. The interrupt mode and arbitration mode will be 
described more fully hereinafter. 

Every location 91 of an SRAM 84 does not need to be 
accessed. The host computer 12 will determine which of the 
locations in the SRAMs are to be accessed based upon the 
activities taking plaice. For example, there might be 8 to 
16 locations 91a that might be accessed from the RAM 84a 
which gives a signal processor 36a, 36b {FIG 1) more than 
enough time to access the SRAM. On the other hand, in the 
RAM 84b, every location 91b may have to be accessed, but 
this is highly unlikely. 

The SRAMs 84a, 84b ping pong operation allows the 
processors to write and read from one SRAM, while the TDM 
bus 16 is attached to the other SRAM. This is the "real 
time" aspect of the invention. On the other side of the 
bus 16 are similar TDM chips 4 6 which are part of the audio 
cards 18. Reading from and writing to one of the SRAMs 84a, 
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84b of the TDM chip 44 by an audio processor 48 is taking 
place while data is being transferred across the bus 16 by 
the other SRAM, This creates a real time transfer across 
the TDM bus 16. 

In FIGs 5A - 5H a number of locations 91 of SRAMs 84a, 
84b are shown, each location being twelve bits wide. FIG 5A 
can be either of the audio card 18 or the signal processor 
card 14 and represents location "0" of an SRAM 84. Each FIG 
5A-5H represents one of 256 locations of an SRAM 84. The 
first two bits of the location 91 represent control or 
status bits as seen in FIG 5A. Each control and status word 
consists of eight bits so that four frames are required to 
transmit a control or status word. A control word indicates 
that data is to be sent to the audio card from a signal 
processor 36 directing the audio card to perform a specific 
task. For example, the audio card 18 may be instructed to 
go off hook when a telephone 22 is requesting service. A 
status word goes from the audio card 18 to a signal 
processor 36 to indicate status of the audio card 18. For 
example, someone may be waiting to place a call through one 
of the telephone lines 23. The status word would indicate 
the need of service and, most likely, would be followed by a 
command word from the signal processor to provide the 
service. The third bit is a gate bit that indicates a 
whether the control/status bit is valid. The fourth bit is 
a direction bit that informs an appropriate processor 36, 48 
that data -can be written into an SRAM location if the 
direction bit is low, but if the direction bit is high, data 
can only be read from the location. The fifth through thei 
twelfth bits represent the voice data to be sent or 
received. If data is being transmitted by the signed 
processor 36 to an audio card 18, the bits are control, 
control and direction "O" as seen in FIG SB, 5D. The gate 
bit would be low, FIG 5B, if the direction bit is true, but 
high if false, FIG 5C. If data is to be read by an audio 
card 18, the bits would be status, status, gate low and 
direction n l" as shown in FIGs 5E and 51, the four locations 
providing the status word. 
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With regard to assignments of locations in the SRAM, 
with smaller systems each port 20 of an audio card 18 would 
be assigned a specific location. This same location would 
be addressed for the data to and from a specific port 30. 
In lager systems 10, i.e., systems with a large number of 
four port audio cards 18 and 16 port audio cards 56, the 
SHAH locations accessible by the data to and from the ports 
30 would be assigned by the host computer 12 which would 
communicate with the application processors 38 through the 
bus 32 and with the audio processors 48 through the bus 41. 

When one processor 36, 48 is writing into a given 
location of an SRAM 84, all other processor on the TOM bus 
16 must be in the read mode for that particular location on 
all the other SRAMs 84, which means that their respective 
processors would have written a "one" on the direction bit. 
It is possible to have the direction bit set true for the 
same location. This means that, for example, if SRAM 84a 
, had the direction bit low in time slot zero and another TDM 
chip 44 had time slot zero direction bit low, then when the 
TDM bus 16 interface logic saw it, both processors would 
attempt to write data into the same location. This 
condition would be detected and labeled as a fault and the 
fault would be transmitted back to the application process 
38. A routine would be run by an application processor 38 
to decipher what to do about the erroneous entry. 

An SRAM 84 gets updated for every location in one 
frame. This allows any one of the signal processors 36a-36d 
and audio processors 48 to read the data on the SRAM 84 in 
one frame. Even though a location 91 may have data written 
thereto, that location is also read during a frame. 

With this system, switched time slots on RAMs is 
achievable. For example, a time slot from zero can be read 
and then written into time slot 28. This enables the 
information from location zero to be placed on a different 
location so that somebody else can also read the data. This 
provides the capability of conference calling. 

Two signal processor 36a - 36d through their interfaces 
80a-80d, cannot access an SRAM 84a, 84b at the same time; 
otherwise, there would be contention. Therefore, two modes 
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of operation are provided for the TDM chip: an interrupt 
mode and an arbitrated mode which are controlled by the 
interrupt unit 96 and the arbitration units 82a-82b. 

In the interrupt mode, the interrupt unit 96 will 
interrupt a signal processor 36 through an interface 80a-80d 
to let it know that it has access to an SRAM 84. That 
interrupt occurs in synch with the frame synchronization, 
see FIG 4- Consequently, at time slot zero, which is where 
a frame synch occurs, the signal processor 36a from the 
interrupt unit 96 attached to the interrupt 80a would 
receive an interrupt telling it that it has access to one of 
the SRAMs, and that processor 36a has 31* microseconds to 
access all 256 locations 91 of the SRAM. Then, one quarter 
of the way into the frame, which is 31* micro seconds later, 
the processor 36b attached to interface 80b would get an 
interrupt, likewise 31* micro seconds later there a 3rd 
interrupt and the processor attached to interface 80c would 
get an interrupt, and, again, 31* micro seconds later the 
fourth signal processor 36d would get an interrupt. The 
frame of 125 micro seconds is split into four thereby 
allowing each signal processor 36a-36d 31* micro seconds to 
communicate with one of the SRAMs in the interrupt mode. 

The interrupt 96 puts some constraints in the system in 
that each signal processor 36a-36b has to come in and get 
out and complete its communication with an SRAM 84 within 
31* micro seconds. If it doesn't, another signal processor 
36 is going to come in. 

In the arbitration mode, the arbitration units 82a, 82b 
will determine if one of the RAMs 84a, 84b is busy with a 
signal processor 36. For example, if the signal processor 
36a attached to interface 80a is busy, the other signal 
processor 36b attached to interface 80b is delayed during 
the time the SRAM is busy. After completion by the first 
signal processor 36a of the first transaction, the 
arbitration unit 81a allows access by the second signal 
processor 36b for the remainder of the 62.5 micro seconds. 
The signal processors 36a, 36b attached to the two 
interfaces 80a, 80b can gain access to a SRAM 84 so that 
between these two signal processors they will have access to 
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the SRAM for a shared period of 62% micro seconds. If the 
signal processor 36a has no activity and the other signal 
processor 36 has a great deal of each activity, the latter 
could have use of the full 62^ per sec. 

This is done in groups of two such that 62* micro 
seconds later, the second set of signal processors 36c, 36d 
attached to interfaces 80c, 80d would be allowed arbitrated 
access in the same manner. 

With reference to FIG 6 the operation of the TDM chips 
44 and 46 will be described with regard to the manner in 
which data is read from and written into one location, 
location number 128, of the SRAMs 84a, 84b with a brief 
explanation of the parameters given at 126. M-RAM1 
identifies RAM 84a and M-RAM2 identifies RAM 84b of the 
voice processing card 14. A-RAMl identifies RAM 84a and 
A-RAM2 identified RAM 84b of an audio card 18. The frame 
number is given on the left margin. It shall be kept in 
mind that the audio card 18 has only one interface 80 as 
discussed previously. FIGs 7A and 7B correspond to FIG 6A 
and show which location has data during a given frame, for 
example 011H representing data received in M-RAM1 during the 
first frame. FIGs 7C - 7E correspond to FIGs 7B - 7D, 
. respectively. FIGs 8A - 8D show the value read by a 
processor in the RAMs. FIGs 8 A - 8D correspond to FIGs 6B - 
6E, respectively. 

In frame 1, data is written 128 into location 128 of 
M-RAM1 by a signal processor 36a and the SRAMs will be 
switched 130. The incoming data will be in digital form and 
its direction bit is tested 132. An inquiry will be made 
whether the bit is low 134. If the direction bit is low 
data is written 135 into M-RAM1 location 128 and further 
data is written in M-RAM2 13 6. If it is not low an error is 
indicated. Simultaneously, the direction bit of A-RAMl is 
tested 33 and an inquiry is made 13 4a whether it is low. If 
no, data is read from the bus 16 and written 137 into 
location 128 of A-RAMl. But if yes, an error is indicated. 
The RAM's on both TDM chips 44, 46 are switched 138. The 
direction bit at location 128 of M-RAM2 is tested 140 and an 
inquiry is made 142 whether the bit is low. If "no" an 
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error condition is set but if "yes" data ia written 144 
onto the bus 16 from location 128 M-RAM2. simultaneously, 
the direction bit at location 128 A-RAM2 is tested 148 and 
an inquiry is made 150 as to the direction bit allocation 
128 of A-RAM2. If it is high, an error is indicated, but if 
it is low, then data is is written 152 into location 128 
A-RAM2. The data at location A-RAM1 is then read 154 by the 
audio processor 48. 

The RAMs on both cards 14, 18 are switched 156 at 
the boundary of Frame 4 and the direction bit at location 
128 M-RAM1 is tested 158. An inquiry is made 160 whether 
the direction bit is low 160. If not, an error condition is 
set. If "yes" data is written 162 to the TDM bus 16 from 
location 128 of M-RAM1 and data is is written 164 into 
location 128 of M-RAM2 by a signal, processor 36. Within the 
same frame, the direction bit of location 128 A-RAM1 is 
tested 166 and an inquiry is made 168 whether the bit is 
low. If "yes" an error condition is set, but if "no M the 
data is read from the TDM bus and written 170 into location 
128 A-RAM1 and the data at location 128 A-RAM2 is read 172 
by the audio processor 48. 

The RAM functions are then switched 174 at the frame 
boundary of frame 5. The direction bit for location 128 
M-RAM2 is tested 176 and an inquiry is then made 178 whether 
the direction bit in M-RAM 2 is low. If not, an error 
condition is set, but if so, data is written 180 into 
location 128 of M-RAM2 and data from a processor 38 is 
written into location 128 of M-RAM 1 181. The direction bit 
at location 128 A-RAM2 is tested 182. An inquiry is made 
whether the bit is low 184. If yes an error is indicated, 
bit if no, data is read from bus 16 and written 186 into 
location 128 A-RAM2. The data on A-RAM 1 is read 190 by the 
audio processor 48. 

The functions of RAMs are switched 192. The direction 
bit of location 128 M-RAM1 is tested 194 and an inquiry is 
made 196 whether the direction bit is low. If not, there is 
an error, but if "yes" data is written 198 to the bus 16 
from location 128 M-RAM1. The direction bit at location 128 
A-RAM1 is tested 200 and an inquiry is made 202 whether the 
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direction bit is low 202. If "no" the audio processor 48 
reads data 204 from the bus 16 and writes it into location 
128 A-RAM1 and data is read 206 from location A-RAM2 by the 
process 48. If the inquiry 202 is "yes" an error is 
indicated . 

The RAMs are switched 208 at the boundary of frame 7 
and the direction bit of location 128 M-RAM2 is tested 210. 
An inquiry is made whether the direction bit is low 212. If 
yes, an error condition is set, but if no there is a default 
to read 214 from the bus 16 idle state. Simultaneously, the 
direction bit of location 128 A-RAM2 is tested 216. An 
inquiry is made whether the direction bit is low 218. If 
yes, an error condition is set, but if not data from 
location 128 A-RAM1 is read 210 by the audio processor 48. 
Thereafter the transmission is completed 222. 

Thus what has been shown and described is a TDM chip 
that provides optimum communication and use of components. 
/■ By having two RAMs whose communication with associated 
components alternate as described, one achieves a two fold 
increase in memory without the need of one large memory 
having twice the capacity. By having two RAMs, each of 
which is functioning at all times, the amount of time 
required for a cycle is reduced by half . More specifically, 
the system checks the status of memory locations on both 
RAMs and respond accordingly rather then checking the status 
of only one memory location in the same period. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. a time division multiplex chip, comprising: 
at least one first interface, 

a pair of RAMs in alternate communication with said 
at least one first interface, wherein said at least one first 
interface is -a plurality of interfaces and further comprising 
an interrupt unit in communication with said plurality of 
first interfaces for controlling which of said first 
interfaces is to be in communication with one of said RAMS, 

a second interface in alternate communication with 

said pair of RAMs, 

an address generator in alternate communication with 

said pair of RAMs, 

a bank switch unit in communication with said pair 
of RAMs for switching communication of each RAM of said pair 
of RAMs alternately with said at least one first interface, 
said address generator and said second interface, 

a clock in communication with said bank switch unit 
for providing a frame synch clock signal to said bank switch 
unit whereby upon each frame boundary said pair of RAMs will 
be switched; a failure detector in communication with said 
second interface to determine if data sent from said second 
interface is data received from one of said RAMs; and a clock 
failure detector with said clock for determining if said clock 
has a failure. 

2. A time division multiplex chip for use in a voice 
processing system comprising: 

a pair of first interfaces, 

a pair of RAMs in alternate individual, selective 
communication with said pair of first interfaces, 

an arbitration unit in communication with said pair 
of first interfaces to control which of said interfaces is to 
communicate with RAMs, 
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a second interface in alternate individual selective 
communication with said pair of RAMs, 

a bank switching unit in communication with said 
pair of RAMs for switching communication of each of said 
RAMs between said pair of first interfaces and second 

interface, and 

a clock in communication with said arbitration unit 
and with said bank switching unit for providing a frame synch 
clock signal to said bank switching unit whereby upon each 
frame boundary said pair of RAMs switch communication between 
said first pair of interface and said second interface and a 
second pair of first interfaces each of which is in individual 
selective communication with said pair of RAMs , a second 
arbitration unit in communication with said clock and with 
said second pair of first interfaces for controlling which of 
said second pair of first interfaces is to be in communication 
with one or the other of said RAMs. 

3 t The time division multiplexer chip of claim 2 

further including a time slot address generator in 
communication with said pair of RAMs and with said clock. 

4. The time division multiplexer chip of claim 2 

further comprising an interrupt unit in communication with 
said time slot address generator. 

5 # The time division multiplexor chip of claim 4 

further comprising a failure detector in communication with 
said second interface to determine if data sent from said 
second interface is the same data received by said second 
interface from one of said RAMs. 

6. A method of processing voice data, the steps 

comprising: 

a. transmitting first voice data to a first 

interface, 
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b. connecting the first interface with a first RAM, 

c. transferring said first voice data from said 
first interface to said first RAM, includes transferring said 
first voice data from a time division multiplexer bus to said 
first interface, 

d. transmitting second voice data to a second 

interface, 

e. connecting said second interface to a second RAM, 

f . transferring said second voice data from said 
second interface to said second RAM includes transferring 
second voice data from a signal processor to said second 
interface, 

g. discontinuing connection between said first 
interface and said first RAM, 

h. discontinuing connection between said second 
interface and said second RAM, 

i. connecting said first interface to said second 

RAM, 

j . transferring second voice data from said second 
RAM to said first interface, 

k. outputting second voice data from said first 

interface, 

1. transmitting third voice data to said first 

interface, 

zn. connecting said second interface with said first 

RAM, 

n. transferring first voice data from said first RAM 
to said second interface, 

o. outputting first voice data from said second 
in ter f ace , and 

p. transmitting fourth voice data to said second 
interface, wherein a failure detector in communication with 
said second interface to determine if data sent from said 
second interface is data received from one of said RAMs. 
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7. The method of claim 6 further including the step of 
determining if the data output from said first interface is 
the same as the data received by said first interface from 
said second RAM. 

8. The method of claim 6 wherein the step outputting 
second voice data from said first interface includes 
transferring said second voice data to a time division 
multiplexer bus and the step of outputting first voice data 
from said second interface includes outputting said first 
voice data to a signal processor. 
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